UNITED STATES DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY

STATIC AND CYCLIC STRENGTH
PROPERTIES OF MOUNT ST. HELENS

DEBRIS AVALANCHE AND ASH CLOUD MATERIALS

by

William J. Wintersl
and

Robert E. Kayen2

Open-File Report

85-518

1 Woods Hole, Massachusetts 02543

2 Menlo Park, California 94025

August 1985

This report is preliminary and has not been reviewed
for conformity with U.S. Geological Survey editorial

standards and stratigraphic nomenclature.

Any use of

trade names is for descriptive purposes only and does

not imply endorsement by the USGS.



TABLE OF CONTENTS

Introduction. ..o niinieroennnsneannns
Sample preparation and testing methodology..
SAmMPIinNg . e ve ettt evetneettsssronncenosoeas
Laboratory testing methodology..

ReSULES ettt enernrsocnces
Static triaxial tests...
Cyclic triaxial tests...

e s 0000 s

* s 0 00008

DRREY

e s 0 0 00 0 0 e

L N I

o e 08 00 e

.

.

e s o 0.

DiSCUSSIOMe et veeetessoeotosroasssasosnsossosesosososasssscssasnas

Modeling field behavior in the laboratory with small-scale specimens

Static triaxial test results...i.eeeeiereiinieeenratoononns
Sample preparationececcicecerriorocaortsotocnsesrersasonensons
Anisotropic field stress state and reconstitution method..
Correction factors applied to cyclic triaxial test results..
1. Membrane compliance. ... iriiiiiiieettiiinnraannnann
2. Isotropic consolidation.ee.eeeineenereneenneennnnnes

Normalized shear stress curves for use with the simplified method to

determine liquefaction potential..
Liquefaction susceptibility assessment...
ConclusionS.euieeieieieeeeencneensnencnns
AcknowledgementS. ..o eevevcsocacsocnoss

ReferencesS.esiesscesnsnoss
Nomenclature and symbols...
TableSieieereeiorteeennnnsns

s 0000000

s 0000000

L R I I ARY

LR RN

oo 8 o0

e e o 00

.

.

.

L A R R R R N R R A Y

s e 000 000

O R =4 ¥ 1 of ==

Appendices

A. Static triaxial test results.

B. Cyclic triaxial test results.

ii

s e e e 00

.

.

20 0000800

s 08 000 00

e s s 0080 0

LR IR Y

.

..

Ly

D L

e e s 00 0

D A S R )

o0 000

s e 0 e 000

Page

N UULESPTWWWN

10
11
14
16
22
43
83



INTRODUCTION:

On May 18, 1980 the northern flank of Mount St. Helens turned into an
enormous debris avalanche that traveled up to 23 km in a period of
approximately ten minutes and buried an area of about 60 km? to an average
depth of 45 m (Voight and others, 1983). The mass movement dammed a number of
streams, created a_ blockage in front of Spirit Lake, and deposited
approximately 0.4 km3 of material into Spirit Lake raising the water level 60
m (Glicken and others, in preparation). New impoundments were formed when
natural drainage routes were blocked (Fig. 1). South Fork Castle Creek was
dammed by the debris avalanche and formed a lake with a volume of
approximately 0.02 km3. That lake level has been presently stabilized by the
construction of a spillway. The mass flow consists of poorly sorted mixtures
of material ranging from large boulders to clay size with a sand and gravel
matrix (Meyer and others, 1985). Layers of volcanic ash cloud deposits are
present in many locations, typically near the ground surface.

The physical properties, and static and dynamic strength of material
obtained from the Spirit Lake and Castle Creek blockages are presented in this
report. Two samples were obtained from each of those blockages (Table 1, Fig.
1). Surface grab samples were seived, reconstituted, and reconsolidated in
the laboratory. Also, samples of the ash cloud deposit were obtained near the
surface of the Spirit Lake blockage. The samples were subjected to static (in
order to assess pre- or post—earthquake stability) and cyclie triaxial tests
(to evaluate the effects of cyclic loading on material behavior). Sample
consolidation stresses, overconsolidation ratios, dry densities, and grain
sizes were varied to determine their effect on sample behavior.

The results of the test program can be used to assess the liquefaction
susceptibility of the material. The 1liquefaction potential can then be
determined by comparing the susceptibility of the material to anticipated
earthquake loadings at Mount St. Helens.

Liquefaction of a significant amount of the debris flow material could
lead to failure or overtopping of the recently formed dams by the impoundments
during or immediately after an earthquake. Flooding and mud flows could then
threaten both 1lives and property downstream. Many small and moderate
earthquakes have occurred in the Mount St. Helens region both before and after
the 1980 eruption (Voight and others, 1983).

SAMPLE PREPARATION AND TESTING METHODOLOGY
Sampling:

In August of 1982 and March of 1983 surface grab samples were collected
on the north side of Mount St. Helens at the Spirit Lake (SL) and South Fork
Castle Creek (CC) localities (Table 1). The debris flow material was bagged
and allowed to dry. Particles greater than 64 mm in diameter were removed
from the grab samples. The finer-grained ash cloud deposit (SL1) from Spirit
Lake was sampled by vertically pushing a 48 mm inside-diameter thin-walled
tube into a horizontal bench cut into the deposit.



Laboratory testing methodology:

Two subsamples were taken from each of the Spirit Lake and South Fork
Castle Creek grab samples. The first subsample contained only particles finer
than 5.6 mm in diameter, while the second contained particles finer than 3.3
mm in diameter. These grain sizes represent one-sixth and one-tenth of the
reconstituted triaxial specimen diameter (36 mm) respectively. The grain size
distributions from the grab sample and subsample with particles less than 5.6
mm in diameter were obtained by dry sieving in.a mechanical sieve shaker in
accordance with the American Society for Testing and Materials (ASTM), Test
for Particle-Size Analysis of Soils (D 422) (Fig. 2). Ash cloud material
(SL1) was tested intact, without remolding or seiving. Intact samples were
trimmed on a standard soil lathe to the appropriate dimensions. )

Triaxial samples were prepared within a 0.3 mm thick commercial
geotechnical membrane stretched inside a hollow c¢ylindrical mold. Two
procedures were employed to reconstitute the material within the confines of
the membrane:

1) Material was pluviated through deaired water (i.e., the particles
were allowed to fall through approximately 20 mm of standing water)
until a 90 mm tall cylindrical sample was formed. The top soil was
removed until a 70 mm high specimen remained.

2) Material was pluviated in 10 mm high layers through deaired water and
tamped up to 25 times per layer with a 9 mm diameter rod. The initial 90
mm high sample was trimmed to a height of 70 mm.

Tamping was used to densify the material and to remove entrapped air
bubbles. Once the sample was prepared, it was placed in a triaxial cell with
deaired water as a confining fluid. Water was slowly flushed through the
sample to expel interstitial air, until the sample was nearly saturated. The
cell and sample water pressure were then raised similtaneously to 345 kPa in
order to dissolve any remaining gas bubbles and fully saturate the sample.
Skempton's B-coefficient values typically were greater than 0.95, indicating a
nearly saturated condition existed (Skempton, 1954).

Upon completion of saturation (typically overnight), the material was
consolidated by increasing the cell pressure and allowing pore water to
drain. After consolidation was complete, the drainage valve was closed and
the sample was tested by increasing the axial load on the c¢ylindrical
sample. Static triaxial shear tests were performed on 38 reconstituted
samples. The water content and dry density of the sample were determined
after each test was finished. Material from sample SL4 had the highest water
content and lowest dry densities, followed by material from CCl and CC2
(Fig. 3).

Fifty cyclic triaxial tests were performed using an electropneumatic
cyclic loading system similar to the equipment discussed by Chan (1981).
Uniform sinusoidal cyclic deviator stresses with almost full stress reversals
were applied at a rate of 0.1 Hz. Pore water pressure, axial deformation and
axial load were continually monitored and automatically recorded during the
static and cyclic triaxial tests.



RESULTS:

Static triaxial tests:

Samples were isotropically and anisotropically consolidated to either 100
or 300 kPa (representative of field overburden stresses) and subsequently were
sheared undrained with pore pressure measurements until 20 percent axial
strain was reached. A few specimens were rebounded to a lower consolidation
stress prior to shear in order to produce an overcomsolidated sample. Failure
occurred at the point of maximum shear stress, q, (Table 2).

Peak friction angles, ¢', were determined at points of maximum obliquity,
g /0'3, assuming no cohesion intercept. The peak friction angles ranged from
35.4 to 51.1 degrees for the reconstituted material (Table 2, Figs. 4-6). The
intact (non-reconstituted) ash deposit from Spirit Lake (SL1) had the lowest
peak friction angle, 34.1 degrees.

A quasi-residual friction angle, ¢'., was determined from each test at
the point of lowest obliquity after peak deviator stress was reached. The
residual strength of material is typically determined from direct shear tests
(Lambe and Whitman, 1969, p. 302; Huang, 1983, p. 31). 1In addition, residual
strength can also be determined from consolidated-undrained triaxial tests
(Bowles, 1979, p. 368). However, when the triaxial test is performed to high
strain levels, in the order of 20 percent, the sample looses its right
circular cylindrical shape, producing a variable cross—-sectional area.
Therefore, the wvalidity of calculated stresses is lowered. Although many
triaxial test stress paths have an approximate straight—-line failure envelope,
most of the Mt. St. Helens tests produced a backward flip at higher stains
(Appendix A) and in this region the residual friction angle was often
determined. The validity of comparing the calculated quasi-residual friction
angles to residual friction angles determined from direct shear tests or
consolidated—drained triaxial tests is questionable.

Results from four static triaxial tests are plotted on Figs. 7-9 showing
the effect of dry density on the stress path, stress—-strain, and pore-water
pressure~strain response of the samples. Individual test results, including
stress paths, shear stress versus strain, and pore-water pressure response
versus strain, are plotted in Appendix A.

Cyclic triaxial tests:

Isotropically consolidated undrained cyclic triaxial tests were performed
on reconstituted material from samples CCl, CC2, and SL4 (Table 3). The ash
cloud deposit from sample SL1 was trimmed intact from material extruded from
the sampling tube.

The cyclic stress ratio, T/G'c, where T is the maximum average peak
cyclic shear stress and o', is the consolidation stress, is plotted versus the
number of cycles to reach two percent single—amplitude strain or 80 percent
pore pressure equalization (values after which necking of the sample in
tension became more common) for various dry densities (determined at the end
of the tests) (Figs 10-17). Lines of approximately equal densities have been
drawn on the figures. The maximum, minimum, and mid-point stress ratios at



ten loading cycles (approximately equal to a magnitude 6.75 earthquake, Seed
and others, 1983) is shown in each figure and in Table 4. A stress ratio for
SL1 material was not determined because of a lack of data. Minimum stress
ratios are approximately equal for the material from CCl, CC2, and SL4.

Wide scatter exists in the data with respect to dry densities and effect
of grain size and consolidation stress. The larger grain size material from
CCl and CC2 appears to be more susceptible to cyclic loading (Figs. 10 and
11), possibly because a looser structure (lower dry density) was formed during
reconstitution. Individual test results are shown in Appendix B.

DISCUSSION:

Modeling field behavior in the laboratory with small-scale specimens:

Inherently, problems exist when trying to model the in-situ behavior of
extremely coarse-grained material containing gravel and boulders by small-
scale laboratory tests. A case can be made that the large-grained material
exists within a matrix of finer-~grained material and that it is the finer
material that determines the overall behavior of the material; the boulders
just "float"” in the matrix.

The largest grain size tested from Mount St. Helens was 5.6 mm in
diameter. That is one-sixth of the triaxial specimen diameter. According to
the ASTM Test for Unconsolidated Undrained Compressive Strength of Cohesive
Soils in Triaxial Compression (D2850-82), only particles one-tenth of the
sample diameter, for specimens less than 71 mm, should be present. However,
the larger grain sizes probably do not invalidate the test results;
additionally, the larger particles indicate the trend of results as grain
sizes increase. That may allow extrapolation of laboratory based results to
field conditions.

The use of a maximum cut-off sieve size creates another problem when
testing small samples. The gradation of the sample material differs from the
parent material (Fig. 2). Alternatively, parallel grading, i.e., selectively
removing certain grain sizes from the sieved sample to achieve a sieved grain-
size curve that is parallel to the field curve, has been used by Banerjee and
others (1979) to model cyclic behavior of coarse-grained material in the
laboratory. However, that technique markedly changes the median grain size,
D5q> of the tested material. Townsend (1978) showed that the technique was
not valid for cyclic testing. Also, parallel grading may not be applicable if
a large difference exists between field and laboratory grain sizes.

The debris blockages consist of heterogeneous materials. Samples from
the surface of the dams may not adequately represent the material at depth.

Static triaxial test results:

Peak friction angles, ¢', typically increased as the dry density of the
tested material increased (Figs. 4-6). The quasi-residual friction

angles, ¢'r, exhibiting a more random distribution, were affected to a lesser
degree by the dry density (Figs. 4-6).



At a dry density of 1.82 g/cm3, the debris avalanche material (for all
test types) from sample CCl had peak and quasi-residual friction angles of
about 43 and 36 degrees, respectively. This is in very close agreement with
peak and residual friction angles of 42.5 and 36.5 degrees, respectively,
determined from direct shear tests performed on debris avalanche material
finer than 2 mm in diameter reported by Youd and others (1981). Voight and
others (1983) reported obtaining friction angles from 40 to 44 degrees from
direct shear tests performed on material smaller than 4.75 mm. Youd and
others (1981) determined a range of dry densities from 1.71 to 1.94 g/cm3 at
eleven locations on the debris avalanche. Peak friction angles were within
the typical range of coarse sand to fine gravel (Lambe and Whitman, 1969, p.
149; Bowles, 1979, p. 382). Quasi-residual friction angles were typically
within, or somewhat higher than, the range reported for coarse sand to fine
gravel reported by Lambe and Whitman (1969, p.149).

The results plotted in Figs. 7-9 show the effect of density on the static
behavior of material from sample CCl. At the lowest density the material
exhibited, upon shear, a contractive behavior (Fig. 7), low strength (Fig. 8),
and positive pore pressure response. As the dry density increased, the
material progressively increased in dilative behavior, possessed higher
strength, and generated greater negative pore pressure response.

Sample preparation:

The method used to reconstitute the laboratory sample has an important
effect on the cyclic behavior of material. Mulilis and others (1977) found
that pluviating Monterey No. O sand through a water-filled mold and then
vibrating the sample to the required density produced the second greatest
liquefaction susceptibility out of 11 different compaction procedures. That
method is similar to the techniques used in this study, except that rodding of
the Mount St. Helens material was performed instead of vibrating the sample.
This indicates that the results of this study imply a greater susceptibility
to liquefaction than would have been obtained had another preparation method
been used.

Anisotropic field stress state and reconstitution method:

Most parts of the Mt. St. Helens debris blockages probably exist with an
anisotropic state of stress. Therefore, initial shear stresses are present on
horizontal surfaces in the dams. Seed (1979) stated that the presence of
initial shear stresses typically reduces the rate of pore pressure generation
and that a critical condition exists when no initial shear stresses are
present, i.e., under level ground. We have assumed that intial shear stresses
on horizontal surfaces were negligible because of the isotropic consolidation
condition of the triaxial samples. Therefore, the test results present
conservative estimates of shear stress ratios, t/c'c’ that would induce
liquefaction.



Correction factors applied to cyclic triaxial test results:

1. Membrane compliance:

Ideally, cyclic triaxial tests are performed undrained with constant
specimen volume. However, even with all drainage lines closed, a small amount
of drainage occurs around the periphery of the sample because penetration of
the rubber membrane into the voids between coarse particles decreases with a
reduction in the effective confining stress (Raju and Sadasivan, 1974). 1In
contractive soil, as pore pressure increases, the membrane flexes outward,
away from the sample, (accompanied by a volume 1loss within the grain
structure) thereby relieving some of the excess pore water pressure (Kiekbusch
and Schuppener, 1977). Therefore, pore pressure builds to a lower level than
it would in a truly undrained test. Because of the reduction in pressure
response, test results are unconservative (i.e., without membrane compliance
the sample would fail quicker, either from a lower number of loading cycles or
from a lower stress ratio).

Membrane compliance effects are a function of mean particle diameter,
void ratio, effective confining stress, the change in pore pressure during
shear, and the amount of surface area of the sample (Lade and Hernandez,
1977). As the grain size increases, more initial penetration of the membrane
into the voids between grains occurs, thereby causing subsequent compliance
errors to increase. A well graded (poorly sorted) soil, 1like the Mt St.
Helens debris avalanche material, is affected less than a poorly graded soil
because the void space between surface grains is reduced.

Soils with a mean particle diameter, D5y, less than 0.1 mm generate
negilgible membrane compliance errors (Lade and Hernandez, 1977; Martin and
others, 1978). However, because the material tested from Mt. St. Helens
possessed Dgg values larger than 0.1 mm corrections were applied to account
for membrane compliance.

Most of the static triaxial tests generated negative pore pressures
during shear. Those tests, therefore, were conservative with respect to
membrane penetration. That is, the negative pore pressures would have become
even more negative without membrane penetration. Cyclic tests, however,
generate positive pore pressures and would, if not corrected for membrane
compliance, lead to unconservative results. Ramana and Raju (1981) found
little change in ¢' determined from static triaxial tests even with
significant changes in pore pressure response. Therefore, we are correcting
cyclic tests for membrane compliance but not static tests.

The profession is not consistent on how to correct tests for membrane
penetration. Raju and Sadasivan (1974) improved a technique, first suggested
by Roscoe and others (1963), of using brass rods surrounded by sample material
to determine effects of membrane compliance. However, Vaid and Negussey
(1984) indicated that those techniques were incorrect and proposed alternate
methods. Kiekbusch and Schuppener (1977) indicated that undrained tests could
not be simply corrected for membrane compliance, the way that drained tests
could be. Instead, they suggested using liquid rubber that would harden
around the periphery of the sample thereby reducing the amount of change in
the membrane penetration as the test progressed.



Seed (1979) determined that a correction factor to the stress ratio of
about 25 percent was required to account for membrane compliance of Monterey
No. O uniform medium sand (Dgy equals 0.4 mm) (Mulilis and others, 1977) used
in simple shear tests. However, Seed (1979) also stated that the need for
such correction factors has not been widely recognized.

The Mount St. Helens samples were corrected for membrane compliance using
the data of Martin and others (1978). The errors (defined as the percentage
of the corrected stress ratio) in the cyclic stress ratios varied with the
mean grain size, Dgy. The mean particle size of material from CCl passing the
5.6 mm sieve 1is 6i8 mm, CC2 is 0.4 mm, and SL4 is about 1.0 mm (Fig. 2).
According to Martin and others (1978) the error in cyclic stress ratios for 36
mm diameter samples of uniform grading with the mean grain sizes of the Mt.
St. Helens samples are approximately 75 percent, 55 percent, and 80 percent
respectively. Those values are inexact, however, and in-depth studies on
actual Mt. St. Helens samples would be needed to better quantify the effect of
system compliance.

The compliance correction values reported by Martin and others (1978)
were arbitrarily reduced by 25 percent because the Mount St. Helens samples
are well graded. Therefore, the error in stress ratios for the Mt. St. Helens
samples were 0.55, 0.40, and 0.60 for CCl, CC2, and SL4, respectively. The
corrected stress ratio equals the stress ratio determined from testing minus
the estimated error. The error values reported by Martin and others (1978) of
0.55, 0.40, and 0.60 based on final (corrected) stress ratios correspond to
membrane compliance coefficients 0.65, 0.71, and 0.63 based on initial test
stress ratios. The initial cyclic stress ratios (Table 4) were multiplied by
those coefficiants to account for membrane penetration (Table 5).

2. Isotropic consolidation:

One of the largest variations between field and laboratory conditions
results from using a coefficient of earth pressure at rest, K,» equal to 1.0
in the laboratory (i.e., the horizontal and vertical effective stresses are
equal prior to cyclic loading). Field conditions, however, typically have

values of K, less than 1.0 for normally consolidated material. Seed (1979)
suggested a correction factor of 0.57 for a K, value of about 0.4. Seed's
factor, that is applied to the cyclic stress ratio, corrects isotropically
consolidated triaxial test results to agree with anisotropic simple shear
behavior that is more representative of field conditions. The factor also
accounts for multidirectional earthquake shaking in the field. A factor of
about 0.6 was used with coarser-grained material by Banerjee and others
(1979). Therefore, the cyclic stress ratios presented in Table 5 were
multiplied by 0.57 to correct for field conditions (Table 6).

Test results (Tables 4-6, Figs. 10-17) show that similar results are
derived from both failure criteria (2 percent strain or 80 percent pore
pressure equalization). Additionally, the minimum stress ratios required to
cause failure are very similar between CCl, CC2, and SL4. A greater
difference between stress ratios is present for denser states.



Normalized shear stress curves for use with the simplified method to determine
liquefaction potential:

The simplified wmethod to determine liquefaction potential (Seed and
Idriss, 1971; Seed, 1979; Seed and others, 1983) enables irregular field
earthquake loadings to be modeled in the laboratory by uniform sinusoidally
loaded cyclic triaxial tests. That method requires the use of a normalized
shear stress versus number of cycles to reach failure plot (Fig. 18) in order
to determine the cyclic stress ratio necessary to induce liquefaction in the
field for different magnitude earthquakes.

The plot used by Seed and others (1983) (Fig. 19) is for sands and is not
directly applicable to the Mt. St. Helens area. Therefore, using results from
the cyclic triaxial tests, normalized curves were plotted for different
materials (Fig. 18). The normalized factor t/t;, where ty is the estimated
shear stress required to cause failure (two percent strain) in one cycle, is a
representation of the slope of the stress ratio-cycle to failure plots (Figs.
10-13). Because of the lack of data in some areas the extrapolated value of
11 1s inexact. The family of curves (with the exception of the ash cloud
deposit, SL1) shows a tight grouping up to 10 cycles. After 10 cycles, more
divergence is apparent.

An average curve for the Mt. St. Helens material is shown in Fig. 19,
weighted towards the tests from CC2 and SL4 because more data exists for those
locationms. The curves were also corrected for membrane compliance and
isotropic consolidation as previously discussed, however those corrections
were typically normalized out of the plot and had little effect on the
curves. Results for the ash cloud deposit, SL1, are located well below the
other materials and are more consistent with the data of Seed and others
(1983) for sands. However, limited data were used to determine the curve for
SL1, and the failure criterion used by Seed and others (1983) (pore water
pressure equalization and t5 percent strain) was different than the criterion
used in this report.

The simplified method to determine liquefaction potential for the Mount
St. Helens blockages, using the normalized shear stress curve (Fig. 19), is
explained in more detail in a different publication (Chen and others, in
press).

LIQUEFACTION SUSCEPTIBILITY ASSESSMENT:

The uncorrected midpoint cyclic stress ratios required to cause failure
at 10 loading cycles for the Mt. St. Helens samples (Table 4) are
approximately equal to or greater than the stress ratios (approximately 0.35)
determined for Monterey sands No. O and No. 1 at a relative density of 60
percent (prepared by the wet tamping procedure) (Silver and others, 1976).
The uncorrected minimum stress ratios (Table 4) for the Mt. St. Helens samples
are somewhat lower than for the Monterey sand and the corrected minimum stress
ratios (approximately 0.l) are substantially lower (Table 6). The corrected
Mt. St. Helens stress ratios are also substantially lower than the stress
ratios required to fail northern Bering Sea sediment in 10 loading cycles
(Hampton and Winters, 1983).



Qualitatively, the 1loosest reconstituted Mt. St. Helens samples are
defininely susceptible to liquefaction from moderately sized earthquakes.
However, field conditions differ markedly from the laboratory setting. The
Mt. St. Helens material grain sizes (Fig. 2) are substantially coarser than
those reported to be the most easily 1liquefied (Finn, 1972) (Fig. 20).
Townsend (1978) reported that the most liquefaction prone samples possessed a
D50 of approximately 0.1 mm with susceptibility decreasing as the mean grain
size increased or decreased from that value.

With few exceptions, most of the static triaxial tests from CCl and CC2
produced negative pore pressures upon substantial strain (Appendix A).
Therfore, even if movement started to occur due to earthquake induced shaking,
the material at those locations in all but the loosest condition would dilate
after strain, reduce the excess positive pore pressures, and thereby stabilize
itself. Tests performed on SL4 samples showed a greater tendency to produce
positive pore pressures.

Drainage of pore water and subsequent reduction of excess pore pressures
was not considered in this study. Due to the large grain sizes of the field
material, some drainage may occur, thereby reducing the liquefaction
potential.

Erosion at some locations will produce an overconsolidated stress history
(thereby reducing the liquefaction susceptibility) in the remaining material,
however that may be offset by the increased potential for creating an unstable
geometry in the blockages. As time passes, the material's strength will
probably increase due to aging effects (Mitchell and Solymar, 1984).

CONCLUSIONS:

Corrected results of c¢yclic triaxial tests performed on loose
reconstituted, seived Mt. St. Helens debris avalanche material and on an
intact ash cloud deposit indicate that low resistance to cyclic loading is
present. However, major reductions in the cyclic strength were due to inexact
membrane compliance correction factors that were used from another study.
Membrane compliance correction factors for the actual Mt. St. Helens samples
may not be as severe.

The laboratory samples possessed grain size distributions significantly
different from those of the field material. 1Increased coarseness of field
material will probably reduce the liquefaction susceptibility.

If failure does occur in any of the blockages, dilation of dense material
will tend to stabilize the movement. Dilation will not occur in debris
material present in a loose condition.

As time passes after the formation of the debris avalanche in 1980, the
stability of the blockages will increase due to aging effects. However, that
may be locally offset by the undercutting of individual slopes by erosion.

Future laboratory studies should utilize larger sample dimensions in
order to better represent field conditions. Larger specimen sizes will also



reduce the effects of membrane penetration. Liquid rubber applied to the test
membrane may be used to reduce the effect of membrane compliance.

In-situ density measurements, borings, seismic exploration, standard
penetration tests, and cone penetration tests (if possible) would enable
additional liquefaction susceptibility analyses to be made.
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NOMENCLATURE AND SYMBOLS:

A Coeff. - Pore pressure parameter at failure (maximum q), equal to the change
in pore pressure divided by the deviator stress.

ASTM - American Society for Testing and Materials.

Dgy — Mean grain size.

DELTA u - The change in excess pore water pressure from the beginning of a
shear test.

Dev Stress - The deviator stress or difference between the major and minor
principal effective stresses, (¢'; - ¢'3).

K, — Coefficient of earth pressure at rest, (c'h/c'v)
OCR - Overconsolidation ratio, (o'yp/c'y,)-
p' - The normal effective stress acting on a plane inclined at 45 degrees from

the horizontal in a triaxial test, (o'; + 0‘3)/2.

q - The shear stress acting on a plane inclined at 45 degrees from the
horizontal in a triaxial test, (o'y - 0'3)/2.

dpax ~ Maximum value of q reached during a static triaxial test, equal to Su-

SIG lc' - The major (or vertical) principal stress applied to a triaxial test
sample prior to shear.

SIG 3.,' - The minor (or horizontal) principal stress applied to a triaxial
test sample prior to shear.

TE - Prefix for a static triaxial test number.
w — Water content (weight of water/weight of solids).
c'l - The major principal effective stress applied to a triaxial test sample.

0'1/0'3 - obliquity factor; it is a maximum at the point of the largest
friction angle during a triaxial test.

0‘3 - The minor principal effective stress applied to a triaxial test sample.

o'c - The isotropic consolidation stress imposed on a triaxial test sample
prior to shear.

G'V = o'y, - The in-situ vertical effective stress exerted by the weight of
overburden.

T — Shear stress.
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Ty - Estimated shear stress required to cause failure in one cycle during a
cyclic triaxial test.

¢' - The peak friction angle expressed in terms of effective stresses.
¢‘r ~ The quasi-residual friction angle expressed in terms of effective
stresses.
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q (kPa)
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p’ (kPa)

CRUISE ST HELENS INCREMENT (cm)
CORE NO. CCl TEST NO.

REMOL DED~-SURF
D139

SI1Gic’ (kPa) 98.7 STATIC gqf (kPa)
SIG3c’ (kPa) 98.7 AVG MAX q (kPa)
INDUCED OCR 1.8 AVG MIN g (kPa)

108.8
86.3 (86.3%)
=71.3 (?71.3%)

84




(%€°12) E*14- (%) b NIW 9AY 9°'1 320 U3IDNANI
(%£°96) £°96 (Rd¥) b XYW 5aAH 2°B6 (Rd%),9EDIS
2°901 (=dM) b DILHIS 266 (Rd™),919IS

geid *ON 183l 122  °ON 3¥03
DNS-0ITTONIY (WD) INIWINONI SNITIH 1S 3ISINND

#+ 370AD * 370AD
8 4 8 14

a1 8 -4 a3 8 e

—r Tttt 1 0-31 Tttt T T Y

T
-+

L
1

—p—

adasaadasas

PRy FEWY

it ls

ey FOUwy |

+31

18+31

2+31

9+31

8+31

(=d¥) N30 MY3d

(Rd%) 3

PR ST W Yy

PR

L

bidndd

IPRST ST T W U 0 W WO W W O TN ¥

A

s

o
-t

a
(%3 ONIdWHQ

o) mn -]
e -t o
I ! |

n
1
(%3 NIBM1S MU3d

85



q (kPa)

DEV STRESS (kPa)
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p’ (kPa)
CRUISE ST HELENS INCREMENT (cm) REMOLDED-SURF
CORE NO, CCl TEST NO. D131
SIGilc (kPa) 87.4 STATIC gqf (kPa) 188.0
SIG3c’(kPa) 87.4 AVG MRAX q (kPa) 46.4 (46.4%)
INDUCED OCR 1.8 AVG MIN g (kPa) -35.8 (35.8%)
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q (kPa)

DEV STRESS (kPa)
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CORE NO. CCI TEST NO. D132

SIGlc’(kPa) 988.2 STATIC gqf (kPa> 1800.9

SIG3c’(kPa) 98.2 AVG MAX q (kPa) 32.3 (32.3%)

INDUCED OCR 1.9 AVG MIN q (kPa) -21.1 (21.1%)
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4

P

REMOLDED-SURF

D133

INCREMENT (cm)

TEST NO.

CRUISE ST HELENS

CORE NO.

CCl

180.0

STATIC gqf (kPa)

838.5

SIGic’ (kPa)

23.6 (23.8%)
-23.1 (23.1%)

AVG MAX q (kPa)

88.5

SIG3c’ (kPa)

AVG MIN g (kPa)

1.0

INDUCED OCR
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q (kPa)

DEV STRESS (kPa)

182

STRAIN (%)

8@

p’ (kPa)

CRUISE ST HELENS INCREMENT (cm)
CORE NO. CCl TEST NO.

REMOL DED-SURF
D134

SIGic’(kPa) 97.S5 STATIC qf (kPa)
SIG3c’(kPa) 97.5 AVG MAX q (kPa)
INDUCED OCR 1.0 AVG MIN g (kPa)

188.8
48.8 (48.8%)
-38.8 (38.8%)
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q (kPa)

DEV STRESS (kPa)
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p’ (kPa)

CRUISE ST HELENS
CORE NO. CcCl

INCREMENT (cm)
TEST NO.

REMOLDED-SURF
D135

SiGic’(kPa) 88.5
SIG3c’ (kPa) 98.5
INDUCED OCR 1.8

STATIC gqf (kPa)
AVG MAX q (kPa)
AVG MIN g (kPa)

120.8
47.4 (47.4%)
-36.4 (36.4%)
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q (kPa)

DEV STRESS (kPa)

1991
STRRIN (%) -
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8a |
[
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a2 |
28 [
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-20
-48 |
6’ (kPa)
CRUISE ST HELENS INCREMENT (cm) REMOLDED-SURF
CORE NO. CCi1 TEST NO. D136
SiGic’(kPa) 97.8 STATIC gqf (kPa) 188.8
SIG3c“(kPa)> 87.8 AVG MAX g (kPa) 61.9 (81.9%)

INDUCED OCR

1.8

AVG MIN g (kPa)

-41.5 (41.5%)
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SIGic’ (kPa)
SIG3c’ (kPa)
INDUCED OCR

85.3
93.3
1.2

STATIC qf (kPad
AVG MAX q (kPa)
AVG MIN q (kPa)
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CRUISE ST HELENS INCREMENT (cm)

REMOLDED SURF

CORE NO. CCl TEST NO. D188
SIGic”(kPa} 88.3 STATIC qf (kPa) 128.8

SIG3c’ (kPa) 86.3 AVG MAX q (kPa) 27.3 (27.3%)
INDUCED OCR 1[.@ AVG MIN q (kPa) =-25.7 (26.7%)
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CRUISE ST HELENS INCREMENT (cm) REMOLDED-SURF
CORE NO. CcC2 TEST NO. D137
SIGlc’(kPa) 88.8 STATIC gqf (kPa) 128.0
SIG3c’(kPa) 88.8 AVG MAX q (kPal) 33.2 (33.2%)
INDUCED OCR 1.8 AVG MIN q (kPa3} -28.39 (28.8%)
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o’ (kPa)
CRUISE ST HELENS INCREMENT (cm) REMOLDED-SURF
CORE NO. cce TEST NO. D138
SIGlc’(kPa) 97.86 STRATIC gf (kPa) 188.0
SIG3c’(kPa) 87.6 AVG MARX g (kPa) 33.8 (338.8%)
INDUCED OCR 1.9 AVG MIN q (kPa) -38.8 (38.8%)
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p’ (kPaj

CRUISE ST HELENS
CORE NO. ccz

INCREMENT (cm)
TEST NO.

REMOLDED-SURF
D138

SIGle’(kPa) 988.6
SIG3c’(kPa) 98.86
INDUCED OCR 1.8

STRATIC qf (kPa)
ARVG MAX g (kPa)
AVG MIN g (kPa}

102.8
38.9 (38.8%)
-38.6 (38.6%)
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o’ (kPa)
CRUISE ST HELENS INCREMENT (em) REMOLDED-SURF
CORE NO. ccz2 TEST NO. D148

SIGilc“(kPa) 87.7 STARTIC qf
SI1G3c’(kPa) 87.7 AVG MAX q

INDUCED OCR 1.8

AVG MIN q

(kPa) 188.8
(kPa) 486.3 (46.3%)
{kPa) -48.8 (46.8%)
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p’ (kPa)
CRUISE ST HELENS INCREMENT (cm) REMOL DED-SURF
CORE NO. TEST NO. D41
SIGlc’(kPa) 88.5 STRTIC qf (kPa) 188.8
SIG3c’(kPa) 88.5 AVG MAX q (kPa) 28.3 (28.3%)

INBUCED OCR

AVG MIN g (kPa)

-28.3 (28.9%)
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CRUISE ST HELENS INCREMENT (cm) REMOLDED-SURF
CORE NO. cca TEST NO. Di42

SIGic’(kPa) 98.8 STRTIC gf (kPa) 188.8
SIG3c’(kPa) S8.8 AVG MAX q (kPa) 46.8 (48.6%)
INDUCED OCR 1.8 ARVG MIN q (kPa) -44.35 (44.,5%)
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STARATIC qf (kPa)
AYG MAX q (kPa)
AVG MIN g (kPa)
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REMOL DED~-SURF

D144

INCREMENT (cm)

TEST NO.

CRUISE ST HELENS

CORE NO.

cc2

1880.9

STATIC gf (kPa)

g7.8

SIGlc’ (kPa)

32.9 (32.38%
-34.5 (34.5%

AVG MAX q (kPa)

g87.8

8IG3c’ (kPa)

AVG MIN g (kPa)

1.

INDUCED OCR
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g (kPa)

DEV STRESS (kPa)
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CRUISE ST HELENS INCREMENT (em) REMOLDED-SURF
CORE NGO. cc2 TEST NO. D145
SIGic’(kPa) 98.1 STATIC gqf (kPa) 1292.8
SIG3c’(kPa) 98.1 AVG MAX q (kPa) 58.4 (58.4%
INDUCED OCR 1.8 AVG MIN g (kPa) =-48.3 (48.3%)
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q (kPa)

DEV STRESS (kPa)
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p’ (kPa)

CRUISE ST HELENS
CORE NO. cCz

INCREMENT (cm)
TEST NO.

REMOLDED-SURF
Dis!l

SIGlec’(kPa) 84.3
SIG3c’ (kPa) 94.3
INDUCED OCR (.8

STATIC qf (kPa)
AVG MAX q (kPa)
AVG MIN q (kPa)

120.8
34.8 (34.8%)
-38.1 (38.1%)
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p’ (kPa)

CRUISE ST HELENS
CORE NO, ccz

INCREMENT (cm)
TEST NO.

REMOL DED-SURF
Dig2

SIGic’(kPa3 ?72.1
SIG3c“(kPa) 72.1
INDUCED OCR 1.8

STATIC gf (kPa)
AVG MAX q (kPa)
AVG MIN q (kPa)

188.8
33.6 (38.6%)
—27.4 (27.4%}
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DEV STRESS (kPa)
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CRUISE ST HELENS INCREMENT (cm) REMOLDED-SURF
CORE NO. ccz2 TEST NO, D146
SiGlc’(kPa) 288.3 STRTIC gqf (kPa) 388.8
SIG3c’(kPa) 288.3 AVG MAX g (kPa) 88.1 (32.7%
INDUCED OCR 1.8 AVG MIN g (kPa) -88.5 (38.2%)
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q (kPa)

DEV STRESS (kPa)

STRRIN ()
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p’ (kPaj

CRUISE ST HELENS INCREMENT (cm) REMOLDED~SURF
CORE NO. cc2 TEST NO. D147
SIGic’(kPa) 287.8 STRATIC qf (kPa) 388.9
SIG3c’(kPa) 287.8 AVG MAX g (kPa3 118.8 (38.8%)
INDUCED OCR 1.8 AVG MIN q (kPa) -118.7 (35.8%
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CRUISE ST HELENS INCREMENT (cm) REMOL BED-SURF
CORE NO. ccz2 TEST NO. D148
SiGic’(kPa) 287.4 STATIC gf (kPa) 380.9
SIG3c’(kPa) 287.4 AVG MAX g (kPa) 183.2 (34.4%)
INBUCED OCR (.8 AVG MIN g (kPa) -184.8 (35.8%)
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q (kPa)

DEV STRESS (kPa)
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CRUISE ST HELENS INCREMENT (cm) REMOLDED-SURF
CORE NO. CcC2 TEST NO. D148

SIGlc“(kPa) 287.3 STRTIC gqf (kPa) 300.9
SIG3c’(kPa) 287.3 AVYG MAX g (kPa) 135.4 (45.1%)
INDUCED OCR 1.8 ARVG MIN g (kPa) =117.8 (338.3%)
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q (kPa)

DEV STRESS (kPa)

1ea

88

68

48

2e

-28

~48

E——

I

~1s

STRAIN (%)

-
: —l
L j
; |
N
5 A ol s 1
-t 1 —+
& 128 168
5
[
6’ (kPa)
CRUISE ST HELENS INCREMENT (em)  REMOLDED-SURF
CORE NO. _ cC2 TEST NO. D 178
SIGlc’(kPa) 95.5 STATIC qf (kPa) 100.8
SIG3c’(kPa) 95.5 AVG MAX q (kPa) 37.7 (37.7%)
INDUCED OCR 1.8  RAVG MIN q (kPa) -31.8 (31.8%)
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qg (kPa)

DEV STRESS (kPa)
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p’ (kPa)

CRUISE ST HELENS
CORE NO. cc2

INCREMENT (cm)
TEST NO.

REMOLDED-SURF
Dise

SiGic’(kPa) 188.7
SIG3c’(kPa) 188.7
INDUCED OCR 1.8

STATIC qf (kPa)
AVG MAX q (kPa)
AVG MIN q (kPa)

128.0
27.7 (272.7%)
-27.3 (27.3%)
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q (kPa)

DEV STRESS (kPa)
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p’ (kPa)
CRUISE ST HELENS INCREMENT (ecm) REMOLDED-SURF
CORE NO. cCc2 TEST NO. pisi
SIGlc’(kPa) -188.8 STRTIC qf (kPa) 1806.8
SIG3c’(kPa) ~188.6 AVG MAX gq (kPa) 38.3 (33.3%)

-37.8 (37.8%)
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p’ (kPa)

CRUISE ST HELENS INCREMENT (cm)} REMOLDED-SURF
CORE NO. cc2 TEST NO. Disgz2

SIGic’(kPa) 83.8 STATIC qf (kPa) (80.08
SIG3c’ (kPa) 93.8 AVG MAX g (kPa) 43.7 (43.7%)
INDUCED OCR 1.8 AVG MIN g (kPa) =38.7 (38.7%)
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DEV STRESS (kPa)
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p’ (kPa)

CRUISE ST HELENS

INCREMENT (cm)

REMOLDED-SURF

CORE NO. cCc2 TEST NO. D183
SIGlc’(kPa) 95.8 STATIC gqf (kPa) 1@08.0
SIG3c’(kPa) 85.8 AVG MAX q (kPa) 41.4 (41.4%)

INDUCED OCR 1.0

AVG MIN g (kPa)

-36.1 (36.1%)
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qg (kPa)

DEV STRESS (kPa)
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ST HELENS INCREMENT (cm) REMOLDED-SURF
CORE NO. cCc2 TEST NO. D184
SIGlc’(kPa) 188.3 STARTIC gf (kPa) 182.8
SIG3c’ (kPa) 188.3 AVG MAX g (kPa) 21.39 (21.9%
INDUCED OCR N-/R ARVG MIN q (kPa) =-21.7 (21.7%)
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DEV STRESS (kiPa)
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CRUISE ST HELEMS
CORE NO. ce2

TNCREMENT (om)
TEST MO,

REMOLDED SURF
D185

it i Y

SIGie’{kPa) 85.9
SIG3c’(kPa2 9S8.8
INDUCED OCR (.8

Bmsron s somsmrnes 2ot S e S A S S e, T

e . A

STRTIC qf (kPa)
AYG MAX g9 (kPal
AVG MIN g (kPad

132.2
42.8 (42.8%3

~42.3 (42.8%)
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q (kPa)
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DEV STRESS (kPa)
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p’ (kPa)

CRUISE SR HELENS INCREMENT (cm) REMOLDED SURF
CORE NO. cc2 TEST NO. D135
SIGlc’(kPa) 284.8 STRATIC gf (kPa) 388.8
SIG3c’(kPa) 284.9 AVG MAX gq (kPa) 115.2 (38.4%3
INDUCED OCR 1.8 AVG MIN g (kPa) -81.2 (38.4%3
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q (kPa)
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p’ (kPa)

CRUISE ST HELENS INCREMENT (cm)
CORE NO. cC2 TEST NO.

REMOLDED SURF
D186

SIGlc’(kPa) 287.3 STRTIC gqf (kPa)
SIG3c’(kPa) 287.3 AVGE MAX g (kPa)
INDUCED OCR 1.8 AVG MIN q (kPa)

388.0
s2.1 (38.7%)
=78.7 (26.86%)

148




(%8°892) 2°62- (®dM) b NIW DAY
(%2°B€) 1°26 (RdY%) b XuW 9AH
P 0RE (vdM) b DI1HLS

m'
m.

@°1 00 TIONANI
L62 (RdY) ,DEDIS
.62 (BdA) 01018

e e e e emt et e e i

98ia "ON 183l
JNS 0307 10W3Y (Wo) INIWIAONI

220 ‘ON 3Jd0D
SNITT3H 1S 35INdD

# 3710AD
ot 8 8 14 2

gttt} -3 ]
2431
10+31

2+33

a+31

1IIIIIIIIIIIIIIIIIIIIIIII!III 2+31

LN ARSI Sy SN AN Seuh Sage Jnmh NN SNEN UM Selh A SuEE SN Mk Sume SN RN 8

4001

loez

4920€¢

Joey

(d™)> N30 HY3d

(*d%) 3

a1

# 30AD
9 4

>

b

bdernd o

PU Y Y

| BT U W BT

"

S
o

o
o
(%3 ONIdWHO

N o
o -e L nd
[ ! !

h 2
1
(%3 NIBdLS >E3d

149



DEV STRESS (kPa)

STRAIN (2%

280

168

1282

LR §

qg (kPa)

p’ (kPa)

CRUISE ST HELENS INCREMENT (cm)
CORE NO. cCa TEST NO.

REMOLDED SURF
D187

SIGic’(kPa2) 293.2 STATIC gqf (kPa)
SIG3c‘(kPa) 293.2 AVG MAX q (kPa3l
INDUCED OCR 1.0 AVG MIN q (kPa)

3e8.2
1838.7 (33.6%)
-84.8 (28.3%)
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p’ (kPa)

CRUISE ST HELENS INCREMENT (cm)} REMOLDED SURF
CORE NO. cca TEST NO. D188

SIGic’(kPa) 288.5 STATIC gqf (kPa) 398.8
SIG3c’(kPa) 2S8.5 AVG MAX q (kPz2) 68.8 (22.7%)
INDUCED OCR 1.8 AVG MIN q (kPa) -88.4 (26.8%)
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DEV STRESS (kPa)
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p’ (kPa)
CRUISE ST HELENS INCREMENT (cm) ASH (TUBED
CORE NO. SiL1 TEST NO. D1SS
SIGic’(kPal} 88.7 STRTIC gf (kPa) S&6.4
SIG3c’(kPa) 88.7 AVG MRX q (kPa) 7?78.6 (81.5%)
INDUCED OCR 1.8 AVG MIN q (kPaj) -83.2 (85.86%3
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q (kPa)

DEV STRESS (kPa)
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p’” (kPajl
CRUISE ST HELENS INCREMENT (cm) ASH (TUBE)
CORE NO. SL1 TEST NO. niss
SIGlc“{kPa) 88.8 STATIC gf (kPa) 96.4
S1G3c‘(kPa) 98.92 AVG MRAX g (kPa) 45.8 (46.7%)
INDUCED OCR 1.8 AVG MIN g (kPa) =48.3 (48.7%)
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DEV STRESS (kPa)
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p” (kPal

CRUISE ST HELENS
CORE NO. SL4

INCREMENT (cm)
TEST NO.

REMOLDED-SURF
D163

SIGlc’(kPa) 93.3
SIG3c’(kPa) 83.3
INDUCED OCR 1.@

STATIC qf (kPa)
AVG MAX g (kPa)
AVG MIN q (kPa)

122.08
38.2 (38.2%)
-38.5 (38.5%)
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q (kPa)

DEV STRESS (kPa)
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CRUISE ST HELENS INCREMENT (cm) REMOL DED-SURF
CORE NO. SL4 TEST NO. D164

SIGic’(kPa) 86.0 STATIC qf (kPa) 180.0
SIG3c’(kPa) 86.08 AVG MAX g (kPa) 21.1 (21.1%)
INDUCED OCR 1.8 AVG MIN g (kPa) -18.3 (18.3%)
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(kPa)

q

DEV STRESS (kPa)
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CRUISE ST H
CORE NO.

ELENS
SL4

INCREMENT (cm)
TEST NO.

REMOL DED-SURF
D165

SIGic” (kPa)
SIG3c’ (kPa)
INDUCED OCR

87.8
87.8
1.2

STATIC qf (kPa)
AVG MAX q (kPa)
AVG MIN g (kPa)

188.9
25.2 (25.2%)
-28.9 (28.8%)
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DEV STRESS (kPa)

STRAIN (%)

28
11

p’ (kPal
CRUISE ST HELENS INCREMENT (cm) REMOLDED-SURF
CORE NO. SL4 TEST NO. Dies
SIGic’(kPa) 86.6 STATIC gf (kPa) 100.8
S1G3c‘(kPa) 86.6 AVG MAX q (kPa) 23.9 (23.8%)
INDUCED OCR 1.8 AVG MIN g (kPa) -21.8 (21.8%)
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REMOLDED SURF

D168

INCREMENT (cm)
TEST NO.

CRUISE ST HELENS

CORE NO.

SL4

198.08

STATIC qf (kPa)

99.5

SIGlc’ (kPal

37.9 (37.8%
-29.4 (2S8.4%)

AVG MAX q (kPa)

98.5

(kPa)
INDUCED OCR

SI1G3c”’

AVG MIN g (kPa3

1.8
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g (kPa)

168 2088
p’ (kPa)
CRUISE ST HELENS INCREMENT {(cm) SURF
CORE NO. SL4 TEST NO. D178

SIGlc’(kPa) 97.4 STRATIC gqf (kPa)
SIG3c’ (kPa) 897.4 AVG MAX q (kPa)
INDUCED OCR 1.8 AVG MIN q (kPa)

188.8
48.3 (48.3%)
-48.6 (48.6%)
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q (kPa)

DEV STRESS (kita)
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p’ (kPa)

CRUISE ST HELENS
CORE NO. SL4

INCREMENT {(cm3
TEST NO.

REMOLDED SURF
D18s

SIGlc’(kPa) 86.8
SIG3c’(kPa) 86.8
INDUCED OCR (.9

STATIC qf (kPa)
AVG MAX q (kPa)
AVG MIN g (kPa)

ige.e
27.8 (27.8%)
-26.8 (26.8%)
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q (kPa)

DEV STRESS (kPa)
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p’ (kPa)

CRUISE ST HELENS

INCREMENT {cm)

REMOLDED SURF

CORE NO. SL4 TEST NO. D18@
SIGlc’(kPa) 88.1 STRTIC qf (kPa) 128.8
SIG3c’ (kPa) 88.1 AVG MAX q (kPa) 41.6 (41.86%)

INDUCED OCR 1.8

AVG MIN g (kPa)

-38.1 (38.1%)

172




o4

ez

(%1°8€) 1°8E~
(%9°1¥) 9°1¢

(ed) b NIW 9AH
(Re) b Xt 9AH

2°1 Aa30 U3IONUNI
1°86 (®d™),9€DI8

L pums 4

Lame 4

2°901 (2dM) b OILUIS  1°86 (®dA),919DIS
asid T *ON 1s3l IS "ON 30D
AMNS (IATIOWIN  (WO) INIWINONI SNIT3IH LS 3ISINAD
& 3L & 3TDAD
el a1 e ge .I'] 13§ a1
S — 10-31 e e B e e
231 ]
10+31
m N
2+31 &
2
3+31

PN ISP U ST W Y

P e

0

m
1 D
4 PN
] =]
] .14 M
J r
4 c
19 =

)

-4

~/
1 08

2

-
(%) OSNIdWHa

- @ ®
1 I [}

Y
1
(%) NIWdls XuY3d

173



q (kPa)
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p’ (kPa)

CRUISE ST HELENS
CORE NO.  SL4

INCREMENT {(cm3
TEST NO.

REMOLDED SURF
D181

SIGlc’(kPa) 96.6
SIG3c’(kPa) 96.8
INDUCED OCR 1.8

STATIC qf (kPa)
AVG MAX q (kPa)
AVG MIN g (kPa)

128.8
31{.3 (31.3%
-28.8 (28.6%)
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qg (kPa)

(kiPa?d

DEV STRESS

40
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28

ﬁ

:

p’ (kPal
CRUISE ST HELENS INCREMENT (cm3 REMOLDED SURF
CORE NO. SL4 TEST NO. pisz2
SIGic’(kPa) 88.5 STATIC qf (kPa) 1(28.8
SIG3c’(kPa) 88.5 AVG MAX q (kPa) 38.8 (38.6%)
INDUCED OCR 1.8 AVG MIN q (kPa) -38.8 (38.2%)
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p’ (kPa)

CRUISE ST HELENS
CORE NO. SL4

INCREMENT (cm3
TEST NO.

REMOLDED SURF
D196

SIGic’(kPa) 87.3
SIG3c“(kPa) 97.3
INDUCED OCR (.09

STATIC gqf (kPa3l
AVG MAX g (kPaj
AVG MIN g (kPa)

129.9
32.9 (32.8%)
-31.8 (31.8%)
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p’ (kPa)

CRUISE ST HELENS INCREMENT (cm)
CORE NO. SL4 _ TEST NO.

REMOLDED SURF
D183

i+

SIGlc’(kPa) 275.4 STRTIC qf (kPa)
SIG3c’(kPa) 275.4 AVG MAX q (kPa)

INDUCED OCR (.8 RVG MIN q (kPa)

288.0
132.8 (47.4%3
~-187.6 (38.4%
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q (kPa)
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p’ (kPa)l

CRUISE ST HELENS INCREMENT (cm) REMCLDED SURF

CORE NO. SL4 TEST NO. D134

SIGic’(kPa) 275.2 STRTIC qf (kPa) 2883.8

SIG3c’(kPa) 275.2 AVG MAX g (kPa) 838.2 (31.3%)

INDUCED OCR 1.8 AVG MIN g (kPa) -78.1 (27.8%}
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